At physiological ionic strength, monoclonal antibody 35-1f4 has previously been shown to neutralize poliovirus type 1 by antibody-mediated polymerization. At low ionic strength, this antibody neutralized the virus by a hit-and-run mechanism: the virions were converted to non-infectious, empty capsids devoid of antibodies. These empty capsids resembled those formed by thermal denaturation of native polio virions in their sedimentation coefficient (80S), antigenicity (H) and isoelectric pH (6.3).
leucine-labelled Mahoney virus was prepared in hypotonic medium (10 mM-NaCI, 10 mM-Tris HC1, 1.5 mM-MgCI,, pH 7.3), and diluted 100-fold in the medium described; to 160 ~tl of this dilution (2000 c.p.m.) , 40 ~tl of antibody 35-1 f4 (dialysed against 0.1 mM-EDTA) was added. The antibody to virus molar ratio was 15. After incubation for 1 h at 37 °C the mixtures were centrifuged for 10 min at 11300 gay. The radioactivity remaining in the supernatant was measured and subtracted from the input to yield the pellet radioactivity. No measurable amount of virus was pelleted in the absence of antibodies.
J-The undiluted mixture contained 150 mM-NaC1, 13 mM-KC1, 10 mM-sodium phosphate, pH 7.3. $ The pH was adjusted to 7.3 with NaOH after this addition. * The final concentration of poliovirus was 0.55 ~tg/ml, and that of antibody 35-1f4 (Ab) was 0.14 pg/ml. The molar ratio was 15 antibody molecules per virion. Incubation was for 1 h at 37 °C. t pH 7.3. :~ The pH was adjusted to 2.0 using 1 M-citric acid (final concentration approx. 0.05 M). The mixture was kept for 30 rain at room temperature and subsequently diluted in PBS for plating.
when the virus was neutralized in the EDTA medium, the pH 2 treatment restored only 5~ of the infectivity. The incomplete recovery of infectivity suggested that 95~ of the virions were irreversibly damaged, and the physical condition of the neutralized virus was therefore examined.
Neutralized mixtures were submitted to sucrose gradient centrifugation. When the neutralization was carried out in PBS with 15 molecules of antibody 35-1 f4 per virion, the virus was 93~ aggregated (results not shown). In EDTA, however, there was no significant aggregation at the same antibody/virus ratio, and the sedimentation coefficient of the neutralized virus was markedly lower than that of native virons (Fig. 1) . Using longer runs, it was determined that the neutralized particles co-sedimented at 80S with the empty capsids resulting from heating virus (Fig. 2) . When EDTA was replaced by Mg 2+ in the low ionic strength medium (Table 1 , line 7), about 70 ~o of the virions were still converted to 80S particles upon neutralization (the remainder were aggregated; results not shown). Thus, the disruption of the virions to 80S particles was determined by the low ionic strength and did not require EDTA. No antibody remained bound to the 80S particles after neutralization (Fig. 1) . It must be remembered, however, that the 35-1f4 antibody also fails to form stable complexes with individual, native virions (Brioen et al., 1983) , so that the lack of binding to the 80S particles does not prove that these particles have lost the epitope recognized by antibody 35-1f4. The antigenicity of the 80S particles recovered from a sucrose density gradient was studied using Protein A-aided immunoprecipitation. The particles were tested against a panel of monoclonal antibodies. This panel included two antibodies specific for the N1 and N2 classes of neutralization epitopes (Table 3 , lines 1 and 2), and all available non-neutralizing antibodies recognizing either H antigen only (line 3), or H antigen and one of the isolated capsid proteins (lines 4 to 6). An antibody recognizing capsid protein VP3, but not H antigen, was also included (line 7). All H-specific antibodies, but no others, fully precipitated the neutralizationinduced 80S particles. These particles had lost the N 1 and N2 neutralization epitopes of native virions, and resembled heated virus both antigenically and by their sedimentation velocity of 80S.
As determined using [3 H]uridine-labelled virus, the 80S particles were devoid of RNA (results not shown). They focused at pH 6.3 (Fig. 3) . This pI is to be compared with that of heated virus (pI 6.5) and of native virus (pI 6.9).
In conclusion, whereas the neutralization of poliovirus by monoclonal antibody 35-1 f4 in the presence of a physiological salt concentration mainly results from non-destructive aggregation of the virions (Thomas et al., 1985) , at low ionic strength neutralization is governed by a different mechanism. Under these conditions, neutralization is accompanied by disruption of The focusing was performed as described by Brioen et al. (1985) . ©, Virus neutralized as in Table 2 , line 4; ~, virus heated for 30 min at 56 °C in PBS; 0, 160S native virus. * The 80S particles were obtained from a sucrose gradient as described in Fig. 2 . t The preparation and basic properties of the monoclonal antibodies are described elsewhere (Brioen et al., 1982; Rombaut et al., 1983; Vrijsen et al., 1984) . Antibody 42-1al, not mentioned in previous publications, belongs to a series of non-neutralizing monoclonals discussed by Vrijsen et al. (1984) .
:~ Immunoprecipitation with Protein A-bearing staphylococci was performed as described by Vrijsen et al. (1983) . the virions to empty capsids, antigenically and physically identical to those obtained by heating. As the resulting particles no longer express the epitope recognized by the neutralizing antibody, the antibody is released. Thus, neutralization by monoclonal antibody 35-1f4 at low ionic strength follows a hit-and-run mechanism. To our knowledge, this type of neutralization mechanism has never been demonstrated for any virus.
With monoclonal antibody 35-1f4, the hit-and-run mechanism was prevalent only in nonphysiological conditions. However, for other antibodies it may also be valid at physiological ionic strength. Monoclonal antibodies of this type may fail to be detected when a serological test other than neutralization (e.g. ELISA) is used for the screening of antibody-producing clones, as the antibodies may not remain bound to the antigen.
It is not clear at present, whether the results obtained at low ionic strength are due to labilization of the viral capsid structure, or to strengthening of the antibody-virion interaction, as would be expected if this interaction were ionic in nature, or to a combination of both effects. Ionic bonds seem to be important in the interaction of antibodies with rhinoviruses (Sherry & Rueckert, 1985) .
